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ABSTRACT

Energetic6 of the Vistula Bq ecosystem is estimated based
on observations made by the authors in the northern Vistula
Bay occupying the intermediate position between the freehwater
end sea bod.ies of waters. The hydrobiont community 1s

represented by euryhaline species: phytoplankton - 78, zoo­
plankton -.46, benthos - 40, fish - 25. A group of specieB
resistent to environmental changes has been distinguishec'.

Main biomasses during the vegetation Beason ware: 6.2(8.7~J),
of phytoplankton, 2.5(5.2 kJ) of zooplankton, 26.1(?8.3kJ) g m-2

of benthos. Yi~ld of aboriginal fish amounted to 1.4 tons km-2

(60 kJ m-2).

Annual primary production was 12382, effective - 9870, pure ­
3870; zooplunkton end benthoS production during vegetation per10d
amounted to 3,0 an:l 1000 kJ m-2 , respectively. Ratios of p~oduc­

.';iOD of plenktonic crustac eans , benthos 8lld fieh catch to primary
productlon were 2.7, 8,1 end 0.05 %, respectlve~.

Rations of plenktonic crustaceans constitutea. 1000 kJ m-2 of

bottom inv~~rtebrates - ,000 lt.1 m-2 and of·tiah - 18 ltJ m-~ Hydro..

bionts of the Bay are characterized by a relatively short food
chain and narrow food spectrum. Yield of ,aboriginal f18h 15

formed mainly due to detritus food chain.
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INTRODUCTION

Thc hydrological regime of thc Vistula Bay plaees it between

the fresnwater ~d seabodies of"water ~ere the salinity fluctu­

ates between 0.3 and 8.3 %. The total area is 838 kn
2 cf which

472 1m2 are within the lir.its of Russis. The water exchange with
the Baltic Sea oceurs tlirougb. the strait 400 I!l wide. Tbe I!lee..n
depth of the streit is 2.7 m (GidroI!lot •••• , 1971).

The Bey plays an iI::portant role in the fisheries. Tbe Baltic
herring (Clupea h~ll:Us membras). brea.'J. (Abra.:nis bra!:la). pike­
perch"" (Stizostedicn lucioperca) end eel (An~illa an~illa) ar.e

,caught thara, the mean lon€i:"tcrI!l catch fro::l the Russian part cf •
tha Bey constituting 8150 tons (92 %of total catch is made of the
spavming part; 'of the Baltic herring population). The catch of the
aboriginal fish a.::lOUZltS to 680 tons. the proportion of the bree.m
being 320 tons, of the pike-perch - 200 tons and of the eel - 100
tons. The fish yield with rec;ard to the Baltic herring is 17.2
and for the aboriGincl. fish - 1.4·tons k!:I.-2.

The studies in the V1.stula Bay have" bee.n csrried out sinc.e the
b.eginning cf the nth centu=y. After the World War II. the re­
search was resu:led by the Rus::zian end Polish .:;.::ientists. Tbc Labe­

"ratory cf Estuaries of the LtlantNlRO has accumulated extensive.. "

natarials. In the present report an attempt is made to st=a.x:ize
the available data end to estimate the Bey ene.rgetics •.

t
MATERIALS Alm METHODS'

" Considered are the observations ~ade by the authors over the
1974 tö 1992 p~iod in the Russian part of the Vistula Bay. Tbe

sa:npline; ~asmade".at 9 stations ~egula.rly occupied in. the. Bey
area. Nansen bottles ·(phytople.nkton). 10LVovk plankton" g:=ab .. •
(zooplankton), Petersen dredge with the' covarage area. 01: .025::12 .
(benthos). and the small mesh bottoIa trawl (sa.::lpling for the tish

feeding studies) wer~ used as fishing gears. A. total of ZlO
samples 01: primary production. 500 samples of phytoplankton. 920
sa=ples of zooplankton, 560 samples of benthos and 6000 saoples

for thef1sh feeding studies has processed. The plankton was
collected horizontall;y at 1 m" interval du.ring the vegetation
period.
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The saJ:!ples ware processed using generally adopted methods:

the Gensen 's nethod was used for the plankton end benthos estil:la­
tion, the "lengl;h-weigth" regressions tor plankton bio!llass estt-'
nation end the quantitative-weighing method for determination of
the food mass weight and its composition. Erimary production was

estimated by the bottle nethod in the oxygcn modification, and the
secondary production by the cohort method. The rations of the in­

vertebrates und the fish were deteroined :from tae ener&Y' bale;lce
(Winberg, 1956) and diurnal feeding rhythn values (Elliott,

Persson, 1978, Krasnopcr. 19~~) •

• RESUIlrS AND DISCUSSION

The cor:.:nunity of the Vistula Bay hydrobionts has been foroed
under the influence of the variable salinity E;l'adient ,:md is re':"
presented by thefreShwater end marine euryhaline species: phyto­

plankton -78, zooplankton - 46, benthos - 40, the fish - 25. A
group of species reslstant to ch~~6es of the env1ro~ental condi­
tions has been distingtlis.~ed. During the yeers dif'ferlng in hydro­
logical regime, a stable oain body of organisms uns o~served

against the background of ~cducin~ n~~ers of the species otbe~

than the "kernal" species. Sea::.onality as rega=ds tlle pla.'lkton is
e~ressed be tbo availability of seccessions und seaso~al graups
(fig. 1).

During tbe recent' 20-30 yoars certain changes took: pl:':!.ce in
the composition of'prcda~in3ntphytoplanktonic forns. The species
of thc g€4"le:r:a Panc.orina, Eud~rina end Volv~x co=on in the fifties
(Szarejko. 1953) were miss1n,; wllile the abundence of the bluegreen
algne increased. New species of rotifers appe~ed in the zooplan­

lc'.;on incl\1ding :&achionus urceus. the lndicator ofc( ~·mezosaprob.

• Tllo seasonal dJ'n~::.1cs of the phyto-, zooplankton I!Jld benthos is'
charnctc.:.'1zed by tho maxi:mt:!.s iu Ap:-U-l.:ay Qd August-Ueptc:Jlbe~.'

, Tbc :::ooplt:lkto:l and benthos oaximu::lS are preceeded by those ofthe
phytoplankto:l (fig.2). '

The bulk o.f the phytopla.'lkto:l bionnss 15 I:lSdc of the bluc(7'een
elgae, Gocphosphneriu~ lacustris. of the zoopla.~kton biomass - of

tbc copepods, ~J:yte~ora a~finls, a~do1' tbe benthos bionass;
- of the chirollamids, ~hironomus plEffiosis f.l. semlreductus.
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OVar the vegetation season; the mean values of the phyto­
'plankton bio~ss amounted,to 6.2 (8.7 ~J), of the zooplankton
biomass to 2.5 (5.2 kJ) and of the benthos biomass to 26.1
(78.3 kJ) g m-2 (tables 1-3)., ' ' '

.A. smallEC' ce11 volume in terms -of morpholog,y 15 a peculiar·
feature of the Vistula Bay phytoplankton. .A. _closerelationship
of the zoopla"1kton and zoobenthos biomass values, -and the"
temperature and sal1nity of thewate; was revealed (Kry1ova,
1987; Naumenko. 1992).

In the plankton end benthos distribution in the Bey areal the
abundance and bLomass of the phytoplankton. Cladocera. ChirOnOI:lidSeand 011~Chaets:1ncrease,withI:lOvinB away from the strait cor.nect­
ing the Bay and the Balt1c Sea~ With the cO~epods. polychaets and
mollusks this process 15 of opposite direction.

The p~ocesses of primary productlon in the Bay are relat1vely
stab~e even throughout the years differin6 in bydrological regime
(1971...1976). ~vo maxicums of the photosynthesis recorded-were in. - -
&!ay and August. Tbe cu:r.:ner maximum is 1.5-2 tioes greater than
that in-spring. The annual primary productLon '(A)Ls 12582 kJ ~-2

and the effective primary production consti;utes 9870 kJ e-2 • On
the average, 1.3 g of o:x;ygen 1s spent for destruction during-the
vegeta~ion season at the"mean d3ily Pp =1.6 g 0 m-3 and the ti~e
of turnover of about three days (table 1). From the total annuo.l
data, the process of primary production of the substance and,the
pro~ess of destruction (R) c~~ be described by the ratio:

: 0
Pp = 0.25.1. R = 0.75.1 =2.99Pp '

'hith the prieary production volume. the Vistula Boy cen be re­
lat~d tc-eutrophie bodiesof water (Winberg, 1960).

Proce&ses of secondary product1on alr.o have two maximums, one
in sp~ing ~~d the other1n s~or-autunn. Ovcr the vegetation ~.
scason. tho zoo1 lr.nlcton product10n (P ) eado- up 330. and thnt of
tee bent~oß -ePb) - 1000 kJ c-2 (tablc~ 2 end 3). EcoloGical
indices o! th~ growth efficicncy (K2 ) ~~d spccific ~atc -or rroduc~ ­
tio_n ce) wore' 0.47 ane!. .o~-31 day-1 for zooplankton. Annual PIß . .

woro 8.5 tor chironom1ds. ~.9 foroli~~chacts~ 11.0 for polychaets
a."lJ 1.1+ for ~ollus~s.:_~elUl vee;('tadon ratlos ~c : -,-Pz··: _A = 2.'7%.
PI: : Pe :=}~ %. Pb-: ~:; O~1%';Yb ; Pe = _10;1~.?hc.rU.t100!"

prlldator,y to llon-rredt. ";ory pln:;c; tOll1 c crustoceun bl.ou(l.ss 1z' ;:

D.i'r-rcx'iI.::l1tcly lio"%.." _ '"
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UTILIZATION OF PLANKroN A.ND BENTHoS BI VISTULA.
'BAT HYDROBIONl'S

Zooplankton. TOe ration ofthe phytoplankton-eaters conslsts
of thealgae and detr1tus~ For,the predato~~,' in addition to the
in~ert~brates (rotifers, ;young co~~~8~~~~~ algae end detritus
play an. important role. The planktonic crustaoeen OOI::lllllnit;y
conSu::les 1000 kJ m-2 over the vegetation season. The ratio ~f the
crustacean ration to t~e primarY PJ;'ol!uction 18 8,2 ~ end to the
effective product1on - ,10,2 %.

Benthos. The chironc:::.ids, oligochaots, polychaets and I:!olluscs
,eainlY belong to ph:t0detritus-oaters. The bottoI:! inver"tebrate

ration is 3000 kJ 1:1 2 over the veGetation season an average. The .
:. . ".

ratio of this ration tothe primary product1on 1824.2 %~d to
the effe~t1ve product1on - 30,4~.'

. .

The fish. The ~'oung Baltic herrtDg , pike-perehand the other
fish ~ well ~ the. BaIt1c lake Stlelt (OS6erus ep·e::-lan:.ls m.
spirinchus) tpa mein plankton-eaters~ feed on the zooplankton
(Janchenko, 1982, .1988). The ::oopIa:l\d;on 1a t1i~sing from t!:le com­
merclal aize fish d1et.

The' benthos-esters (broa.':1, silver brea:Jl Emd pope) feed on-;.,the
chironcI:l1ds anu the roach est mcllusc8. In addition to chirono­
mids •. the d1e~ of.the eels inclu~es the mya1ds and polychaets.
The f1sh 1s an occasional food ite:1' (ßhlopnikov, 1988). The pereh
and razorf1ah are facultat1ve predato~s, the pike-perch older
then ~ yee=s are ~leal plscivo~oas' their fingerlings and the­
-youngs-oE-the-year feed.on the ttys1~ end ~ry (fig.3).

Da.1ly_rations of the co=arcial aiz*, ~1sh ~e.nge froI:! 1.2 to
-_.- '3:2--% of v;et body wo1ght. T:!:1e ltU"gest rations have the roach \\'ho '
•.onsumo the low-calorle food, and the cels v±lo 1"ltens1vely accQu­

late the f~'1t. The pike-pereh bave the S::lallest ration the food ca­
lorie of whieb·.!~•.~p.1'roxi.:ts.tel;Y tWice that _of toe benthos-eat S.t's:'_

The value of the food eaten out by the fiab bio=ass a:mually ,- .
eXeI:lpted by the f1shery 1s: 4.4 .(12.2 kJ) for the benthos-es!2~S'
0.2(0.8 kJ) for facultat1ve ~lscivorous and 1.3 (5.4 kJ) g ~
for th(,- p1k:e-perch (table 4).

The ra1:io of the b(...lthos-e....ter ration to benthc.3 p:01uct1on
1s 1.2 %. " ..

The obtained ratians 6how that the, enere;;y trasport fro:1 the
pr1m8.l7 producers, to the ult~te link (eateh of tbe fiab) in' the
V1stula Bq mainly. takes plsce via the detritWi food ehain _
(fig.4). The benthoseating fish I:!ake up approxtc&t~ly70~ cf
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the total catcb of tbe aboriginal fiab spocie5. The peculiarity
of tbe energy transport via the pasture cbain lies in tbe fact
that the plankton eating fish do not form the fish yield: the
main zooplankton-eaters-the young Baltic herring - make up the
basic yield in the Baltic'Sea. The Baltic lake ~elt are the only
plankton-eaters in the Bay, however, their abundance is emall,
and they are not cf cOm::lercial importance. The predators nake up ..
'30 % of the fish yield, 50 % 01' their ration being represented
by the Baltic herring, 40 % by the Baltic lake sme1t and the
young fish of tbe other species, and 10 % by the pope. Thus only
40 % of the predatory fish production ia formed due to the •
pasture chain~

The fish catch to primary production ratio indicates the cf­
ficiency of the substance utilization in a water body ~jinberg,

Buljon, 1981). For the Vistula Buy, thi5 ratio was 0.05 %. Such
a SI:lall per cent of the catch can be att=ibuted to the fact that
the pelagic feod chain in the Vistula Bay i5 ~ainly used for
formation of tbe Baltic berring recruitcent.and actually does

, .
not contributeto tbe fish yield ?f the Bay.

C01JCLUSIONS

1. The Vistula Bey phytoplankton is represented by 78 species.
A SI:lall cell volu:ne, 20 k.m3, on average, i5 its peculiar .., ,

feature. The bluel5I:een algae predominate. The annual primary
and effective prOd~ction a.re 12380 ~d 9870 kJ n-2 , respecti­
vely. ,Destructionto production ratio is de5cribed as
R ,. 0.75 A = 2.99 Pp. Two maximums of photosynthesi5 - 1n
spr1ng and summer - are observed. '

2. Tbe zooplankton is represented by 46 speciea, witb the 'cape- .­
pods of mar1ne orig1ne prevailing. Over the vegetation period••
the biomass was 2.5. g m-2 (5.2 kJ m-2) and the production -' ,
330 'kJ m-2. The' phytoplankton max1II:Ul:ls are followed by two '
biomaS5 and production maximums'. The zooplankton· to phyto­
plankton,production ratio was 2.7, and·to effective phyto­
plankton product1on - 3.3 %.

, . .' .
3. The benthos 18 represented by 40 species with the chironomids

as the bulk'of 1ts biomass; The biOmass reaches 26.1, g m-2 ..
(78.3 kJ m-2). and the product1on - 1cioo kJ m-2 o~er the "
vegetation period. 'Two recorded biomass and 'production '
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maximums coincided with the zooplankton maximums. The benthos
to phytoplankton production ratio was 8.1, and to effective
phytoplankton production - 10.1 %.

The Vistula Bay ecosystem is characterized by"having the
substance and energy transformed into the fish yield via the
detritus food chain. Only 10-15 %of the fish yield is
formed due to the pasture food chain, the rest 85-90 %
resulting from the detritus chain. The pasture chain forms
the commercial fish recruitment mainly represented by the
Baltic herring. The ratio of the annual catch of the abori­
ginal fish to the phytoplankton production is 0.05 %.
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Table 1.·

Indioes o-r primsry produotion in the Vistula Bey
-; -}

(N - abundance, bill.o 11a m ; B - biomase, g m ;
P - pure primary production, J' m-3month-1 ;
p ~
~- sp8.l:if1c rate of production, dey •

-1
Ca- specUic rate of assimilation, dey ;

K2- index of' the growth dficienc,y)

--~---------.----------------
Month '

I

II
Ir

IV
V

VI
VII

VIII
IX

X
XI

XII

N

29.2
2902
6704­
2;'.4­
55.5

113.2
273.8
337.0
285.3
379.9
4-3.0
4-4-.}

: B

0.8

0.6
2.2
2.0
2.0
2.3
~.5

2.8
2.4­

1.4­
1.0
1.0

1.8

616.}

511 2
836.4­
76(,.8
4-84-.2

1564-.6

852.0
308.1
85.2
31.2

0.6
0.8

0.8
0.8

04­
1.1
0.8

0.5
0.5

: Ca

0.8

1.5
1.2
1.3
0.7

1.6

1.4­
0.8

0.5
0.3

0.76

0.40
0.58
0.54
0.68

0.76

0.4-2
0.46

0.25

0·54

'Table 2.
Indice8 o-r zooplankton production L~ ~e Vistula Bey
(N - abundance, thoua. 8p.m- 3. B - biomas8. g m-., ,

R - destructlon. g m-3 day-1)

Konth

IV

V

VI
VII

VIII
IX

X

255.8
272.2
202.2

89.0
91.6
62.&
4O~4

B

0.92
1.80
0.63

0.4-9
1.2~

0.76

0.55

022

0."
0.33
0.40

0.33

0.25
0.08

R /B

0.16
0.27
036
0.4-3
0.37
o.~

0.24

0.52
0.51
0.43

0.46

0.42

0.41

0.24

•

i 1411.S
------------

393.1 .

0.31

0.31 0.4-7



- 11 -

Table 3.

Indices of bentms production in the ViatulB. Bay

(B - biomass, Pt - production. g m-Zmoth-1 )

Month B : Pb PIß
.... ' ....',,,'IlIII

r:v 31.1 6.5 0.2
V 21.8 5B.') 2.7

VI 20.9 29.;} 1.4
VII 2,5.4 106.7 4.2

VIII 35.2 12.~ 0.4

IX 25.0 57.5 2.3
X 23.0 62.1 2.7

-X 26.1 . 4'7.6 2.0

Tllole 4
Rations and p:oportion of food baae eatcn' out

.b;y the Vistula Bay fish

Fish Ration Food base eal;en eut.
;(ear

species dail;y • % of annuell g m-2 kJ m-2
wet bod;y weigt kJ/sp. :

Bream 1.6 854.5 2.7 7.9
Eel 2.6 7180 1.2 3•.5
Roach 3.2 46.50 0.5 0.8
Razorfish-_. 1.8 6470 0.1 0.4

-"Perch 1.6 4030 0.1 0.4
.ke-perch 1.2 17820 1.' .5.4
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l!'IGURE LEGENDS

Fig. 1 • ..P1anktocene structure in the Vistula Bey.

1 - main body; its sesonal groups;2 - spring
structure; 3 - summer struc ture; 4 - autumn structure;

5 - winter structure.

Fig.2. Seasonal dynamics of, the Vistula Bey plankton and benthos ~

Definitions; 1 - phytoplankton; 2 - zooplankton~

3 - benthos.

Fig.,. Mean.food composition of the Vistula Bey fishes during
vegetation season.

Fig.4. •A scheme affood relatioDs of the Vistula Bey hydrobionts.
Definitions: production: A - primary, P .. zooplankton., z
P j .- plankton eating fish, Pb - benthos, Pfb .- non-com-
mercial benthos..eating fish (pope). D -detritus;

" .
yield of fish: Ytp - piscivorous. Yfb - benthos-eaters.
Circle - pastur~ food chain, rectangLe'- detritus food

chain; broken line - value.non-idcntified. Brackets
contain kJ m-2 •

•
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Qo=I>~iibaeria iacustri~

CyClops strenuus
Diapw.no!Joma brachyurum ,

IKeratella quadrata
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Ankistrod;ii~nus r~icatuSl
Lyngbya contorta
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1

,

~
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Acartia bifilosa '

. I
Hexarthra lD.J.ra I
!Keratella cochlearis,

)

.2
i~rchneriella luDar1ß

j
uelosira varian!J

I
CYClotella comta
Surirella robusta I

I
!_._-- I

/

Anabaena flos-aquae H
Aphanizomenon flos~aquae

Oöc,yetH Nova..Sdlll.i~ I

I
OSCillOltoria tenuis-~ I
ilicrocis1:1lJ flos-aq_e 14

Scen~des.us qUUd~~~~

Dlctyosphaerium s'p:-- ~

~ynedra ulna 5
Aphanothoce stagriina•

Fig. 1
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